The paper was inspired by the hitherto published results concerning provision of ecient assistance to visually impaired persons by means of acoustic and vibratory signals. The aim of the auditory training is to shorten the time necessary for execution of auditory information processing, sensibilize blind persons to dierences in sounds and teach them to focus auditory attention on small dierences in parameters of acoustic waves, in order to achieve independent and correct interpretation of environment by hearing and listening. The basic concept of the auditory training addressed to blind or visually impaired children and teenagers is presented in detail. Preliminary verication of the eectiveness of training of young adults without vision impairments has not shown statistically signicant dierences in performance before and after the training. Possible reasons for such an eect are pointed out and solutions are suggested.
Introduction
Reception and correct interpretation of acoustically There are reports showing that blind people perform much better than normally sighted individuals in the tasks involving concentration and localization, speech perception, memorization of words or discrimination of * corresponding author; e-mail: afa@amu.edu.pl pitch [1116] . It is suggested that people who are congenitally blind or who have lost their sight at an early age are better at identifying and dierentiating sounds than those who have become blind in adolescence or adulthood [1617] . The studies concerning perception of sounds and vibrations by the blind have been generally performed in the adult population. Reports of equivalent or similar experiments carried out with blind children/adolescents are very scarce [2, 57] . The research concerning the eect of acoustic training on spatial updating in congenitally blind adults has shown that the accuracy of verbal estimates of the magnitude of distance has been improved after the training [18] . The report describing the inuence of early non-visual experience on the acuity of proprioceptive-spatial discrimination has shown that congenitally blind adults who attended orientation and mobility training before the age of 12 years, compensated the lack of vision by hearing and touch better than people who started training after the age of 12 [19] . Speech-in-noise intelligibility in the older blind frequently listening to recorded speech material (e.g. audiobooks) was better than in the reference group of sighted participants who had not used speaking devices [20] , probably due to better concentration on verbal information and listening experience. On the basis of the above information it was expected that a proper AT may be benecial to the blind/visually impaired people, provided that it would be started at the appropriate moment of life. Taking into account the above short review of research reports we claim that the present paper deals with fundamental and innovatory issue concerning AT addressed to children and adolescents.
Basic concept
The training is addressed mainly to two groups of blind/visually impaired individuals, aged 812 and 13
18. The division into age groups is made on the basis of the two facts: Performance of a given task was approved when the listener achieved 90% of correct responses. After successful completion of one session, the listener was asked to start the next one of a higher level of diculty. The level of diculty of particular tasks could be dierent depending on the progress of the subject, but the subject was not informed about the progress he or she has made. If not specied otherwise, the stimulus duration was 1 s, and the break between two stimuli in a pair was 1 s. The standard time to give the response was 4 s but it could be longer. The easiest tasks proved to be those related to signal detection against the background noise, so the least time was devoted to the relevant tasks. The training was addressed also to children so the tasks were versatile and short, not to bore the participants. The interval between the easiest and the most dicult levels was divided into a few or over a dozen sublevels of intermediate diculty.
The level of diculty was increased with the listener's progress by reducing the dierence between the stimuli.
Pitch discrimination tones and pitch discrimination noise bands (AT, part 1)
The above-mentioned two types of tasks were based on the results reported in [2] . Pairs of tonal sounds of different frequencies and pairs of 1/3-octave noise bands of dierent center frequencies were used. The listeners were asked to point out a higher sound in the pair. The range of frequency of the stimuli was 1004000 Hz. In Table II are presented the detuning of the frequencies of both tonal signals (tones discrimination)and the detuning of the center frequency and signal duration (noise bands discrimination) for dierent levels of diculty. The center frequency range of noise stimuli was from the range The aim of the exercise was to acquaint the subject with simultaneous discrimination of pitch and timbre and to introduce him/her to the pitch timbre categorization of the harmonic signals task. Pairs of musical instrument sounds diering in spectral content and fundamental frequency were presented to a subject. The subject was asked to identify the dierence between the sounds presented. The possible answers were`timbre',`pitch' or both features'. The sounds were those emitted by musical instruments (piano, guitar, vibraphone, organ) of the fundamental frequencies and the corresponding pitch as shown in Table III , the dierences in the fundamental frequencies always corresponded to the major third. If the dierence in pitch was considered, the sounds presented were generated on the same instrument. If the dierence in timbre was to be recognized, the two sounds of the same pitch were generated by dierent instruments. If the dierences in both pitch and timbre had to be pointed out, the two sounds of dierent pitch were generated by two dierent instruments. The listener was asked to perform tasks at the same level of diculty as long as he/ she has reached 100% of correct responses. The listeners were exposed to pairs of harmonic multitones of dierent spectral content and fundamental frequency. The fundamental frequency was chosen at random from the range 100-2000 Hz. When the multitones in a given pair diered also in the fundamental frequency, in one of the signals it was detuned towards higher frequencies by the earlier dened value depending on the level of diculty. The spectral composition of the multitones (when they diered in timbre or timbre and pitch) and the dierences in the fundamental frequency (when they dier in pitch or pitch and timbre) for dierent levels of diculty are presented in Table IV . The signals could dier in timbre, in pitch or in both these features simultaneously. The subjects were asked to indicate the dierence between the sounds presented. When the signals in a given pair diered in pitch, the multitones had dierent frequencies and the same spectral content.
When the signals diered in timbre, the multitones had the same fundamental frequency and dierent content of harmonic components. When the signals diered in pitch and in timbre, the subject heard two multitones of dierent fundamental frequency and dierent content of harmonic components. The idea of tasks 3.3 and 3.4 was inspired by [16] . 
Pitch memory (AT, part 2)
The aim of the exercise was to train the short-time memory.
The subjects were exposed to sequences of tones of dierent frequencies corresponding to the pitch of sounds on the musical scale distanced by the interval of a minor second. The frequencies of particular tones in a sequence were selected at random from the set of 10 displayed in Table V. The same table presents also the sound pitch corresponding to these frequencies. The sound sequences were prepared in two variants. In the rst one, the frequency of the rst and the last signal in the sequence was dierent. The choice of the sound frequencies was random, but the rst and the last sound could not have the same frequency. In the second variant, the choice of the sound frequencies was random too, but the rst and the last sound had the same frequency. The subjects were asked to identify the sequence in which the rst and the last sound had the same pitch. The number of sounds in a sequence for level of diculty n was n + 2 (n = 1 ÷ 7). The duration of an individual sound was 300 ms, the interval between sounds in a sequence was also 300 ms. Table VII. TABLE VII Loudness discrimination tones and loudness discrimination noise tasks. Table IX .
In the rst part of the task (diculty levels, n = 1 ÷ −5), the dierence in the number of harmonics in dark and bright sound was the same, e.g. at the diculty level 2, the multitones to be compared had two (dark sound) and six (bright sound) harmonics. At the diculty level 6, the number of harmonics was constant, the dark sound Dark sound f 2f 3f 4f 5f
Bright sound f 2f 4f 5f 6f f 2f 4f 6f
The The aim of the tasks was to relax the subjects. The tasks were not scored and the level of diculty did not depend on previous answers. The subjects were asked to count the number of acoustic events. In variant`a', the exact command was to count the number of cars the subject heard, while in variant`b' the subject was prompted to count how many times the dog had barked. In the second task, the subjects listened to the sound of passing cars and were asked to identify the faster car.
Pre-and post-test (verication test)
The verication test was composed of 6 tasks checking the pitch discrimination, pitch and timbre categorization, pitch memory, lateralization of a stationary sound source, lateralization of a moving sound source, and lateralization of two moving sound sources. The tasks came from
AT and experiments described in [2, 7] . The sound ma- 
Preliminary verication of the auditory training
The preliminary verication test was performed in order to check the correctness of diculty levels adopted for 
